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1 Coarse Grained Picture for Controlling Complex Systems

Controlling quantum states has been studied for a long time in various chemical reaction systems
[1] by the use of physical properties such as quantum interference, resonant transitions between
eigen-levels, adiabatic passage in stimulated Raman spectroscopy (STIRAP), etc.
Recently, we have developed a coarse-grained approach [2, 3] where a control field
h _ A -

e(t) = gz Re (e (ol 0o (0, )V Uo (t, T)lor) | (1)
is obtained analytically. It is shown that the field (1) almost exactly steers |pg) at t = 0 to |¢T)
at t = T when the target time T and the system size N are large. The controllability by the

field for a fixed T and N is related to the value of the coarse-grained transition element [2, 3|
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Figure 1: Final overlap by analytic external field in random matrix systems.
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which plays an important role in the hybrid control scheme described in the next section.
In Fig. 1, we show the result of final overlaps obtained by the analytic control field (1). It

can be seen that the final overlap becomes large in the limit of T, N — .

2 Hybrid Control Scheme for Large Systems

We consider an application of the analytic control field (1) to nano-scale large quantum systems.
From the analyses in model systems, it is known that, for a set of initial and target states with
a fixed T and N, the coarse-grained transition element V2 must be increased in order to obtain
a large final overlap. With this property, we introduce a control scheme on a Hamiltonian with
two external fields £(t) and (t),

H(E(t),e(t)) = Ho+ EMW +e(t)V, 3)

where €(t) is an analytic control field defined by (1), and £(t) is another control field introduced
to increase V7 defined by
_, 1 (T . N 2
V2= [ dt|(eolUe0,6V Tt Tlor)| (4)
This scheme is divided into two steps: At first, we search for a slowly varying field £(¢) which
makes V? large enough. In the next step, the analytic field £(t) is obtained by (1). The
effectiveness of £(t) is already guaranteed because V2 is large. The initial state |pp) is steered
to the target state |¢or) by the use of those two fields, £(t) and &(¢).
Computation for the first step can be performed by large scale classical dynamics under the
optimal control theory or the genetic algorithm. On the other hand, the solution of the second
step is given analytically by (1). Because of the combination of a couple of external fields based

on the different control schemes, we have called the scheme “hybrid.”

3 Conclusion

We introduced a “hybrid control scheme” for large systems by the use of our analytic approach
for complex systems. This scheme should be validated through large scale computation for
controlling complex systems, and is expected to be applied to large systems like bio-molecules,

nano-scale physical devices, etc.
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